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22.1
1 $(z, r)$ . , $(u, v)$
$P$ $r,$ $z,$
$t$ , $r=r\pm$ $z,t$ ,
$R=(r++r_{-})/2$ $b=(r+-r_{-})$ . $r=r\pm$ $P\pm$
F. $\rho$ . , $r>r+$ $r<r_{-}$ ( )
$p=p_{0\pm}$ , .
, $u=\overline{u},v=0$ $\overline{R},$ $\overline{b}$
, $\sigma$ $p_{0+}-p_{0-}=-2\sigma\overline{R}/(\overline{R}^{2}-\overline{b}^{2}/4)$
, $Po+<p_{0-}$ .
, Carreau $[15, 16]$
$\mu=\mu_{0}[1+(\alpha\dot{\gamma})^{2}]^{(n-1)/2}$ , (1)
$(\alpha>0,0<n<2)$ .
2 , $0<n<1$ , $n=1$ , $n>1$
. , $\dot{\gamma}$ $(u, v)$
:
$\dot{\gamma}=\sqrt{2(\frac{\partial v}{\partial r})^{2}+2(\frac{v}{r})^{2}+(\frac{\partial v}{\partial z}+\frac{\partial u}{\partial r})^{2}+2(\frac{\partial u}{\partial z})^{2}}$. (2)
2.2
$r_{-}<r<r+$ , , $r=r\pm$






, $|r-R|\leq b/2$ $u_{i},$ $v;p;(j=0,1,2\cdots)$ $zt$ .
, $(r-R)$ , $b$
:
$\frac{\partial b}{\partial t}=-u_{0}\frac{\partial b}{\partial z}-b\frac{\partial u_{0}}{\partial z}-v_{0^{\frac{b}{R}}}$, (4)
$\frac{\partial R}{\partial t}=v_{0}-u_{0^{\frac{\partial R}{\partial z}}}$ , (5)
$\frac{\partial u_{0}}{\partial t}=-u_{0}\frac{\partial u_{0}}{\partial z}-\frac{1}{2}\frac{\partial(p_{0+}+p_{0-})}{\partial z}+\frac{p_{0+}-p_{0-}}{b}\frac{\partial R}{\partial z}$
$- \frac{1}{We}[\frac{\partial^{p_{0\sigma}}}{\partial z}-p_{1\sigma}\frac{\partial R}{\partial z}]$
$+ \frac{1}{{\rm Re}}[1+(\alpha\dot{\gamma})]^{(n-1)/2}[p_{1\mu}\frac{\partial R}{\partial z}-\frac{\partial^{p_{0^{\mu}}}}{\partial z}+\frac{\partial^{2}u_{0}}{\partial z^{2}}+2u_{2}$
$-2 \frac{\partial R}{\partial z}\frac{\partial u_{1}}{\partial z}+u_{1}(\frac{1}{R}-\frac{\partial^{2}R}{\partial z^{2}})+2u_{2}(\frac{\partial R}{\partial z}2)]$
$+ \frac{1}{{\rm Re}}(n-1)(\alpha^{2}\dot{\gamma})[1+(\alpha\dot{\gamma})^{2}]^{(n-3)/2}[\frac{\partial^{\dot{\gamma}}}{\partial r}(\frac{\partial v_{0}}{\partial z}$
$-v_{1} \frac{\partial R}{\partial z}+u_{1})+2\frac{\partial^{\dot{\gamma}}}{\partial z}(\frac{\partial u_{0}}{\partial z}-- u_{1}\frac{\partial R}{\partial z})]$ , (6)
$\frac{\partial v_{0}}{\partial t}=-u_{0^{\frac{\partial v_{0}}{\partial z}-\frac{p_{0+}-p_{0-}}{b}-\frac{p_{1\sigma}}{We}}}$
$+ \frac{1}{{\rm Re}}[1+(\alpha\dot{\gamma})]^{(n-1)/2}[-p_{1^{\mu}}-\frac{v_{0}}{R^{2}}+\frac{\partial^{2}v_{0}}{\partial z^{2}}+2v_{2}$
$-2 \frac{\partial R}{\partial z}\frac{\partial v_{1}}{\partial z}+v_{1}(\frac{1}{R}-\frac{\partial^{2}R}{\partial z^{2}})+2v_{2}(\frac{\partial R}{\partial z})^{2}]$
$+ \frac{1}{{\rm Re}}(n-1)(\alpha^{2}\dot{\gamma})[1+(\alpha\dot{\gamma})^{2}]^{(n-3)/2}[2v_{1}\frac{\partial^{\dot{\gamma}}}{\partial r}$
$+ \frac{\partial^{\dot{\gamma}}}{\partial z}(\frac{\partial v_{0}}{\partial z}-v_{1}\frac{\partial R}{\partial z}+u_{1})]$ . (7)
, $u_{1},$ $u_{2},$ $v_{1},$ $v_{2},p_{0\sigma},p_{0^{\mu}},p_{1\sigma},p_{1^{\mu}}$ $u_{0},$ $v_{0},$ $R,$ $b$ , $\overline{R}$
$U$ $Wb=\rho\overline{R}U^{2}/\sigma k=\rho\overline{R}U/\mu_{0’}\alpha=\sqrt{Wb}/k\epsilon=\overline{b}/\overline{R}$





$U=\overline{u}$ , $\epsilon,$ $Re$ , Wb .
, (4) $\sim(7)$ / .
3
$(u=U, v=0, R=\overline{R}, b=\overline{b})$ , $k$ ,
$w$ $\exp[i(kz-\omega t)]$ .
,
[14, 17, 18, 19]. , $k=k_{r}$ $\omega=\omega_{r}+i\omega_{i}$
, 1 $\omega_{i}$
, . , $k=k_{r}+ik_{i}$ ,
$\omega=\omega_{r}$ , } ,
Wb $-k_{r}$ . ,
, Wb , Wb
Wb [20]. 3 , $\epsilon$















$(k\sim<1)$ $R=1+\alpha$ cos $kz$ , $\alpha=0.1$ ,
$k=0.5,$ $\epsilon=0.1$ $(R\pm b/2)$
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$(t_{b})$ . 5 $(n=1)$ , 1
. 6 , , $\alpha=1$ ,
$n$ . , 1 $n$
. , 7(a), (b), (c) , $\alpha$
$t_{b\prime}R_{\max},$ $b_{\max}$ $n$ , $n$ 2 $R_{\max}$ $b_{\max}$ $n$ 2
. , (d), (e) , $b_{\min}$ $n\sim 1$
, $R_{\max}$ $n>1$ 1 1 .
, $(k\sim>1)$ $b=\epsilon+\alpha$ cos $kz$ ,




$\alpha$ . 9(a) n=l( )
, $b=\epsilon(1+\eta_{c}\cos kx)$ $(\eta_{c}=\alpha/\epsilon)$ , 1
$\eta_{c}$ . , $\alpha$ \eta
. $\epsilon$
,
. , (b) , $\alpha$ $n$
.
4.2
$z=0,$ $t\geq 0$ $R$ $v$ \alpha sin $wt$ $w\alpha$ cos $\omega t$
, $\alpha=\pm 0.1,$ $\omega=0.5,$ $\epsilon=0.1$ .
$0\leq z\leq 150$ , $z=150$ . ,
$\alpha=0.1$ . 10 $n=1$ , Wb $=100$ ,
. }
, &
. , $[6, 7]$ .
, , } $=10$ , Wb $=100$ , $n$
11 . $n$
, $n$ . , $n$
12 . $b_{\max}$ $n(\sim 1.3)$
, $n$ . Wb
, Wb $=0.1$ $\{$
13 . $\{$
.
$\alpha=-0.1$ . $n=1$ , , Wb
14 . , Wb ,
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(a) (b)
4: Wb $=0.1,$ $\epsilon=0.1$ $k$ ,




5: $\alpha$ $(n=1)$ ;(a)Oh $=0,$ $t_{b}=2.1304$ , (b)Oh $=1$ ,
$t_{b}=4.9396$ , (c)Ol\sim $=2,$ $t_{b}=8.2324$ .
(a) (b) (c)
$z$ $z$
6: $n$ (Oh $=1$ ) $;(a)n=0.2,$ $t_{b}=3.2248,$ $(b)n=1.0$ ,




7: Oh $=1,1.5,2$ $0<n<2$ : $(a)t_{b},$ $(b)R_{\max}$ ,
$(c)b_{\max},$ $(d)b_{\min}$ .
(a) (b) (c)















$0$ . $0.\epsilon$ $1R$ $\tau\iota$
$(X1\dot{0}^{l})20$
$Oh$
9: $\alpha$ ; $(a)n=1$ 1 \eta , $(b)n$
1 .
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10: ${\rm Re}$ ($n=1$ , Wb $=100$);(a)Re $=\infty$ ,
$t_{b}=13.1,$ $(b)k=10,$ $t_{b}=23.5$ , (c)Re $=0.2,$ $t_{b}=\infty$
(a) (b) (c)
$z$
11: $n$ $(k=10, Wb=100);(a)n=0.2,$ $t_{b}=21.0$ ,
$(b)n=1.0,$ $t_{b}=23.5,$ $(c)n=1.8,$ $t_{b}=22.965$
(a) (b)
(c) (d)




13: (Wb$=0.1$ ) ; (a)Re$=\infty,$ $t_{b}=0.8,$ $(b)$
$k=0.2,$ $t_{b}=1.7$ .












3. ( ) , $(n=1)$ $\alpha$
( )
. $\alpha$ , $n<1$ $n>1$
, , $1<n<2$ ,
$n>1$ 1 , 1 .
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4. $z=0,$ $t\geq 0$ ,
, ( ) , ,
$1<n<2$ .
5. , Wb ,
, .
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